Background and Aim: Post-traumatic stress disorder (PTSD) is a psychiatric condition characterized by symptoms of hyperarousal and hypervigilance. Increasing research on the "gut-brain" axis (bidirectional signaling between the gut and the brain) has drawn links between PTSD and irritable bowel syndrome (IBS), an exceedingly common yet incompletely understood gastrointestinal condition. This meta-analysis thus aimed to examine the body of evidence and extent of association of PTSD with IBS. Methods: Using the keywords [early abuse OR childhood abuse OR violence OR trauma OR PTSD] AND [irritable bowel syndrome or IBS], a preliminary search on the PubMed, Medline, Embase, ScienceDirect, PsychINFO, Web of Science, and Google Scholar databases yielded 11,257 papers published in English between January 1, 1988, and May 1, 2018. Of these, only eight studies were included in the final meta-analysis. Results: The eight studies (four cross-sectional and four cohort) contained a total of 648,375 subjects. Most studies were from the USA and conducted on army veterans. The funnel plot revealed a roughly symmetrical distribution of studies, and Egger test was not significant for publication bias (P = 0.583). Random-effects meta-analysis found PTSD to be a significant risk factor for IBS (pooled odds ratio 2.80, 95% confidence interval: 2.06 to 3.54, P < 0.001). Conclusions: Overall, PTSD is associated with an increased likelihood of IBS. This is the first meta-analysis to specifically examine the association between PTSD and IBS, and it provides insights into the probable (patho)physiology and management of IBS, supporting a holistic consideration of the psychosocial aspects of IBS and further research into effective multi-modal therapeutics.
Introduction
Irritable bowel syndrome (IBS) is a prevalent and debilitating gastrointestinal disorder, characterized by chronic abdominal pain and a change in the frequency or form of stool. 1 It affects some 14% of the population worldwide 2 and carries a significant disease burden in terms of decreased productivity, increased healthcare costs, and reduced health-related quality of life. 3 Despite the prevalence of IBS, its pathophysiology remains poorly understood, but is thought to be multifactorial, involving dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis, neuroendocrine alterations, and visceral hypersensitivity, which results in the hallmark symptoms of abdominal pain and disordered gut motility. 4 Psychosocial factors have been implicated in the etiology of IBS. 5 Studies have found that early life abuse and trauma is associated with the development of IBS in adulthood. 5, 6 In post-traumatic stress disorder (PTSD), victims exhibit symptoms of hyperarousal and hypervigilance, 7 which resembles the exaggerated stress response and visceral hypersensitivity often recognized in patients with IBS. There are perhaps shared lasting epigenetic changes in the HPA axis, which mediates stress response. 8 However, some studies have also disputed this association, finding that a history of abuse is not associated with rectal hypersensitivity 9 and PTSD is not over-represented in this particular patient population. 10 We thus aimed to undertake an up-to-date systematic review and meta-analysis of the topic as identification of the risk factors and antecedents of IBS could help advance current understanding of the disease and therapeutics. January 1, 1988 , and May 1, 2018. Attempts were made to search gray literature as well, using Google search. Title/abstract screening was performed independently by three researchers (Q. X. N., W. L., and N. V.) to identify articles of interest. For relevant abstracts, full articles were obtained, reviewed, and also checked for references of interest. If necessary, the authors of the articles were contacted to provide additional data.
Full articles were obtained for all selected abstracts and reviewed by three researchers (Q. X. N., W. L., and N. V.) for inclusion. Any disagreement was resolved by discussion and consensus. The inclusion criteria for this review were as follows: (i) original published study, (ii) participants with PTSD and IBS, and (iii) reported prevalence compared with control group. Studies that did not report incidence or prevalence rates were excluded.
The primary outcome measure of interest was the incidence of IBS in both exposed (sufferers of PTSD) and control groups. Data such as study design, sample size, and study population were extracted and summarized in Table 1 . Odds ratio (OR) comparing the incidence of IBS in the exposed (PTSD) and control group (non-PTSD) was calculated. Adjusted OR were also used whenever possible. Estimates were pooled and, where appropriate, 95% confidence intervals (95% CI) and P values were calculated.
Heterogeneity among the different studies pooled was examined using the I 2 statistic and Cochran's Q test. Publication bias was assessed using a funnel plot and Egger test. All analyses were conducted using MedCalc Statistical Software version 14.8.1 (MedCalc Software bvba, Ostend, Belgium; http://www.medcalc. org; 2014).
Results
Of the 11,257 citations retrieved, 54 full papers were selected for further review. A total of eight studies with a total of 648,375 subjects were included in the final meta-analysis. The abstraction process and reasons for exclusion were detailed in Figure 1 . None of the authors had to be contacted to provide additional data. The details of the studies reviewed were summarized in Table 1 .
With regard to the possibility of publication bias, visual inspection of the funnel plot revealed a roughly symmetrical distribution of studies ( Fig. 2 ) and Egger test was not significant for Association between PTSD and IBS QX Ng et al.
publication bias (P = 0.583). However, the reliability of Egger test is limited by the small number of studies (<10). 18 Notably, heterogeneity among the different cross-sectional and cohort studies was high (I 2 = 91.59%). A random-effects model was applied, giving a pooled OR of 2.80 (95% CI: 2.06 to 3.54, P < 0.001), which suggests that PTSD is a significant risk factor for IBS, being 2.8 times more likely compared with non-exposed controls (Fig. 3) .
Discussion
Overall, random-effects meta-analysis based on eight studies and 648,375 subjects found PTSD to be a significant risk factor for IBS (pooled OR 2.80, 95% CI: 2.06 to 3.54, P < 0.001). In several studies, this association exists even after adjustment for age, gender, 13, 16, 17 and multivariate analysis.
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Our findings are concordant with that of a previous meta-analysis that investigated the association between trauma (physical, sexual abuse, or otherwise) and functional somatic syndromes. 5 The 2014 meta-analysis reported a pooled OR of 2.22 (95% CI 1.72 to 2.86) for IBS and trauma, although not for PTSD and IBS only. Accordingly, this review is the only one that focused on PTSD and IBS and included more and newer studies that have since been published. The current meta-analysis is therefore a novel and significant contribution to current literature. Possible mechanisms underlying the association between PTSD and IBS include hyperarousal, an exaggerated response to stress, and hypervigilance to otherwise normal bodily sensations. The symptoms of IBS can be triggered by stress and can be potentiated with the exaggerated stress response as seen in PTSD patients. The symptoms of pain in IBS may have more psychological roots as there is usually an absence of physical damage to the tissues. The hyperarousal and increased exaggerated stress response seen PTSD could potentiate the visceral hypersensitivity of the gut, predisposing to the development of IBS. Moreover, early life adverse events have been shown to cause persistent corticotropin-releasing factor systems and dysregulation of the HPA axis, resulting in heightened stress response. [19] [20] [21] In one study, it was found that IBS patients and controls with early life trauma had a greater cortisol response to a visceral stressor, compared with individuals without early life trauma. 20 Based on studies of Sprague-Dawley rats, maternal separation from postnatal day 2 was found to increase plasma corticosterone, visceral sensation to colorectal distension, and altered fecal microbiota, compared with the control group. 21 Similar to IBS patients, these rats with early maternal separation also exhibit altered central serotonin (5-HT) responses. 22 From an epigenetic perspective, early life stress (especially PTSD) may result in durable changes in the glucocorticoid receptor gene, giving rise to a pro-inflammatory phenotype. 23 Enhanced levels of pro-inflammatory plasma cytokines interleukin-6 and interleukin-8 have similarly been reported in IBS patients. 24 As a result of increased levels of pro-inflammatory cytokines, activity of indoamine-2,3-dioxygenase (the rate-limiting enzyme in the degradation pathway of tryptophan) will be upregulated, ultimately affecting tryptophan metabolism and contributing to abnormal serotonergic functioning. 25 Neuropeptide Y (NPY) is also thought to mediate the relation between PTSD and IBS. NPY is found throughout the central and peripheral nervous system, including the gut. Tissue biopsies taken from the colon of IBS patients have found low levels of NPY. 26 Similarly, low NPY levels have also been associated with PTSD sufferers. 27 Deficits in NPY levels is associated with altered gut motility 28 and enhanced nociceptive pain sensitivity, 29 both symptoms characteristic of IBS.
Functional magnetic resonance imaging studies of PTSD sufferers have also found increased amygdala activation during emotion processing, which may correspond to an exaggerated response of fear circuitry and symptoms of hypervigilance and hyperarousal. 30 Similarly, functional magnetic resonance imaging studies of patients with IBS have found increased activation of the Association between PTSD and IBS anterior cingulate cortex, prefrontal cortex, and thalamus in response to rectal distension, which may reflect a heightened visceral stimuli response. 31, 32 These responses also appeared to be modulated by feelings of anxiety and depression. 32 Our current findings support a biopsychosocial view of IBS, suggesting that a holistic approach towards the management of IBS patients is necessary. The association between PTSD and IBS should be considered by clinicians when developing strategies for screening and management. In a study of patients with IBS over a 16-month period, the level of perceived chronic life stress was found to be the key predictor of clinical outcomes, even after adjusting for sociodemographic factors, IBS symptom severity, and patient anxiety. 33 Areas for future research should include research into therapeutics: multi-modal agents that target not only the visceral but also the psychosomatic symptoms of IBS. 34 A holistic clinical approach involving non-pharmacological therapies such as psychotherapy and cognitive behavioral therapy should also be explored. A case report of rape-related PTSD in a 34-year-old Caucasian woman with IBS demonstrated that effective treatment of PTSD with prolonged exposure therapy led to significant overall improvement and remission of IBS symptoms. 35 Interestingly, there are studies that report a marked difference between the proportion of the general population exposed to potentially traumatic events and those who eventually develop PTSD, 36 and further research should be carried out to better understand the factors that contribute to vulnerability and likewise resilience to developing PTSD. Preventive strategies to support the victims of early life adverse events should also be further researched as this could have significant importance in the pathogenesis of IBS.
Last but not the least, the limitations of our current study should be discussed. First, the retrospective assessment of trauma invariably involves a certain degree of recall bias, as well as a subjective judgment of the severity of the trauma experience. Second, inter-study variability and the symptom-based approach used in the diagnosis of IBS and PTSD (e.g., Rome IV criteria and the fifth edition of the Diagnostic and Statistical Manual of Mental Disorders) could affect the reliability of current findings. As several of the studies used a self-report symptom questionnaire in the diagnosis of IBS, there is a known wide variability and ambiguity in each individual's definition of constipation and diarrhea. 37, 38 Furthermore, two of the largest studies included in the meta-analysis 14, 15 used International Classification of Diseases, Ninth Revision, Clinical Modification code diagnoses based on administrative health records, which are subject to error or misclassification/misdiagnosis. Third, three of the eight studies were also based on a cohort of female army veterans, limiting the generalizability of findings to the wider population. As only eight studies were available, subgroup analyses were not performed albeit gender differences may exist.
Conclusion
Current evidence suggests that PTSD is associated with an increased likelihood of developing IBS, supporting a biopsychosocial model of this complex gastrointestinal disorder. This association should be considered when developing strategies for screening and management. IBS is a stress-related gastrointestinal disorder, mediated by bidirectional signaling along the gutbrain axis. Early life stress, in particular PTSD, may result in durable epigenetic changes in the neuroendocrine pathways and glucocorticoid gene expression, giving rise to a pro-inflammatory phenotype and dysregulated HPA axis and serotonergic (5-HT) functioning, similar to findings in patients with IBS. Future research should study these mechanisms and also provide more attention to the role of multi-modal therapies in IBS.
